. The effect of pH on the epimerization of glucose using H 3 
S.3.
13 C kinetic isotope effect calculation based on experimental data Figure 8 shows the fits of the experimental data to kinetic models assuming the reversible glucose epimerization is a first-order reaction. The formation of mannose follows the equation:
Where ‫ܥ‬ ሺ‫ݐ‬ሻ and ‫ܥ‬ , are the concentrations of mannose at time t and equilibrium, respectively, andτis the time constant for the approach to equilibrium.
Initial turnover rates for unlabeled and labeled glucose were calculated from extrapolation to zero time and non-zero values for rates of formation of mannose.
The 13 C kinetic isotope effect can be calculated as follows:
where k is the rate constant, r represents reaction rate and C is concentration. 
S.4.
13 C kinetic isotope effect via theoretical estimation:
The theoretical kinetic isotope effect is estimated via the equation derived from transition state theory. The stretching vibration between C1 and C2 in unlabeled and 13C labeled glucose is 1147 and 1136 cm -1 , respectively, based on the FTIR spectra ( Figure S6 ), which has a good agreement with literature reports. Figure S6 . FTIR spectra of (a) unlabeled glucose and (b) 13 C labeled (C1) glucose.
